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588a Tuesday, February 28, 2012we monitor the energy required to overcome the adhesion between the bacteria
and substrate. Generally, increased contact time leads to stronger adhesion due
tobond strengthening.However, themagnitudeof this effect varies greatly among
substrates with different surface potentials and hydrophobic properties.
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Tannerella forsythia ATCC 43037 (Tf) is a Gram-negative oral anaerobe which
is one of themajor contributors to periodontal disease in humans [1]. It possesses
a glycosylated S-layer consisting of two regularly arrayed subunits as outermost
cell envelope layer. The S-layer of Tf was shown to be a virulence factor, capa-
ble of delaying the bacterium’s recognition by the innate immune system [2] and
mediating adhesion and invasion of host cells [3]. In this study, we used scan-
ning probe microscopy to probe the S-layer surface of live Tf cells by investigat-
ing the nano subunit structure so as to characterize the surface structure and the
interactions of Tf S-layer proteins. High-resolution imaging of living Tf wild-
type cells has shown a periodic square lattice structure with about 10 nm dimen-
sion, while on the surface of an S-layer single mutant no periodic structure was
visible. In addition, single-molecule force spectroscopy using a TfsA S-layer
protein specific antibody immobilized onto AFM tips revealed specific interac-
tion forces with the S-layer structure on living Tf wild-type cells. Our data con-
tribute to the elucidation of a surface structure on living bacteria and to the
understanding of their subunit arrangement with nano-meter resolution.
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We describe microarrays of receptor molecules that capture viral particles with
high specificity and at high density. Patches of viral receptors were generated
by first modifying microscale gold squares on glass substrates with alkanethiol
derivatives and then immobilizing the His -tagged very-low-density lipoprotein
6 (VLDL) receptor ligand binding domain via metal-chelate complexes to the
gold surfaces. Free glass areas surrounding the gold squares were passivated
with a dense film of poly(ethylene glycol) (PEG). As assessed by atomic force
microscopy, human rhinovirus particles were captured onto the VLDL-receptor
patches with a high surface coverage but were effectively repelled by the PEG
layer, resulting in a 330 000-fold higher density of the particles on the gold as
compared to the glass surfaces. The metal chelate-based coupling strategy was
found to be superior to two alternative routes, which used the covalent coupling
of viral particles or viral receptors to the substrate surface. The high density re-
ceptor arrays were employed for sensing and characterizing viral particles with
so far unprecedented selectivity.
Furthermore, an alternative route to create arrays in the nanometer range for the
site specific binding of proteins, nanoparticles and pathogens is shown. These
arrays are results of AFM based nanolithography performed on Mica substrates
passivated by repellent protein- or PEG films. We could show that with the help
of this method we are able to create nanometer-sized structures in the range of
an AFM tip radius. The structures created in this manner were subsequently re-
filled with proteins which serve as a basis for the specific binding of other pro-
teins, particles or pathogens of interest and could furthermore be analyzed by
AFM under near physiological conditions.
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Thrombin aptamer binding strength and stability is dependent on sterical pa-
rameters when used for atomic force microscopy sensing applications. Stericalimprovements on the linker chemistry were developed for high-affinity bind-
ing. For this we applied single molecule force spectroscopy using two enhanced
biotinylated thrombin aptamers, BFF and BFA immobilized on the atomic
force microscopy tip via streptavidin. BFF is a dimer composed of two
single-stranded aptamers (aptabody) connected to each other by a complemen-
tary sequence close to the biotinylated end. In contrast, BFA consists of a single
DNA strand and a complementary strand in the supporting biotinylated part. By
varying the pulling velocity in force-distance cycles the formed thrombin-
aptamer complexes were ruptured at different force loadings allowing determi-
nation of the energy landscape. As a result, BFA aptamer showed a higher bind-
ing force at the investigated loading rates and a significantly lower dissociation
rate constant, koff, compared to BFF. Moreover, the potential of the aptabody
BFF to form a bivalent complex could clearly be demonstrated.
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Atomic force microscopy (AFM) has demonstrated ability to provide direct vi-
sualization of individual molecules of proteins as well as multimeric protein-
protein and DNA-protein complexes in near real-time and in buffered solutions.
Here, we use tapping-mode AFM to visually analyze the interaction of the es-
sential eukaryotic molecular chaperone protein hsp90 with the glucocorticoid
receptor (GR), a well-established hsp90 client protein. An issue of debate
within the hsp90 community has been to what extent hsp90 works indepen-
dently of other molecular chaperones, such as hsp70, or as part of a multiprotein
machinery. Endogenous hsp90 was isolated from rabbit reticulocyte lysate us-
ing size exclusion column chromatography, both as an individual protein and in
a complex with hsp70 and the hsp90/hsp70 co-chaperone Hop. AFM imaging
showed that the hsp90 complexed with hsp70 and Hop (referred to as the hsp90/
hsp70-based chaperone machinery) preferentially interacts with the GR. We
demonstrate the extent to which hsp90 can be positively identified in AFM im-
ages of heterogenous protein mixtures using an anti-hsp90 monoclonal IgM an-
tibody. Additionally, novel software was developed to calculate the molecular
mass of AFM-imaged protein particles in a semiautomated process using the
spherical-cap model for mica-adsorbed proteins and protein complexes. Molec-
ular mass calculations and AFM-imaged antibody detection were used in tan-
dem to predict protein particle composition. Eight highly purified and well-
characterized proteins of known molecular weights, ranging from 44 623
kDa, were used to construct a standard curve relating calculated particle vol-
ume (nm3) to approximate protein complex molecular mass (kDa).
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Alzheimer’s disease (AD) is characterized by a build-up of b-amyloid (Ab)
peptide in senile plaques inside the brain, leading to neuropathologies exempli-
fied by uncontrolled neurodegeneration and memory loss. One hypothesis for
the AD pathology is the disruption of cell ionic homeostasis, mediated by
the interaction of globular Ab with cell membranes. Recent results by us and
others suggest that the Ab peptide directly inserts into cell membranes creating
ion conductive pores that destabilize intracellular calcium ion homeostasis.
However, Ab may also destabilize ionic homeostasis via interactions with
cell membrane receptors. To investigate the mechanism of toxicity we took ad-
vantage of the biochemical tenet that ligand-receptor interactions are stereospe-
cific; all-L-proteins but not all-D-proteins bind to cell membrane receptors.
Using all-D enantiomer and all-L-enantiomers of the full length Ab(1-42),
we probed the nanoscale pore and fiber formation as well as oligomer stability
using atomic force microscopy (AFM) imaging. We report similar morpholog-
ical properties for both stereoisomers. The AFM images display similar
channel-like structures when embedded in bilayers and both enantiomers
show comparable fiber structures. These results are supported by electrophys-
iology studies that show similar electrical conductances for D-Ab and L-Ab.
